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(57) ABSTRACT 

A catalyst-adsorbent for puri?cation of exhaust gases, com 
prising a monolithic carrier and a catalyst-adsorbent layer 
formed thereon, the catalyst-adsorbent layer comprising a 
catalyst for reduction of the carbon monoxide, hydrocarbons 
and nitrogen oxides emitted from internal combustion 
engines and an adsorbent for reduction of the hydrocarbons 
emitted during the cold start of said engines, the catalyst 
being composed mainly of catalyst particles each compris 
ing a heat-resistant inorganic oxide and at least one noble 
metal selected from Pt, Pd and Rh, loaded thereon, the 
catalyst containing at least catalyst particles each comprising 
a heat-resistant inorganic oxide and 2-30% by Weight, based 
on said oxide, of Pd loaded thereon, the adsorbent compris 
ing adsorbent particles composed mainly of Zeolite. 
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CATALYST-ADSORBENT FOR PURIFICATION OF 
EXHAUST GASES AND METHOD FOR 
PURIFICATION OF EXHAUST GASES 

BACKGROUND OF THE INVENTION AND 
THE RELATED ART 

[0001] The present invention relates to a catalyst-adsor 
bent for puri?cation of exhaust gases and a method for 
puri?cation of exhaust gases using the catalyst-adsorbent. 
More particularly, the present invention relates to a catalyst 
adsorbent for puri?cation of exhaust gases, capable of 
effectively purifying harmful substances present in exhaust 
gases, particularly hydrocarbons generated in a large amount 
during the cold start of engine, as Well as to a method for 
puri?cation of exhaust gases using the catalyst-adsorbent. 

[0002] Various catalysts have heretofore been proposed 
for puri?cation of harmful components [eg hydrocarbons 
(HC), carbon monoxide (CO) and nitrogen oxides (NOX)] 
present in exhaust gases emitted from automobiles, etc. For 
example, three-Way catalysts containing Pd shoWing an 
excellent loW-temperature light-off performance, in a rela 
tively high concentration as an only noble metal component 
shoWing a catalytic activity, are proposed in SAE Paper Nos. 
941058 and 930386. 

[0003] Also, Zeolite-containing catalysts are disclosed in 
Japanese Patent Application Kokai (Laid-Open) Nos. 
305429/1990, 293384/1993 and 174937/1990, etc. 

[0004] In order for a catalyst to exhibit its catalytic activ 
ity, the catalyst must be heated to a given temperature or 
higher. Therefore, during the cold start of automobile When 
the catalyst provided in the exhaust gas system is not heated 
sufficiently, the harmful components of exhaust gas are 
discharged into air Without being puri?ed. While regulations 
on the harmful components present in exhaust gases, par 
ticularly HC are being increasingly strict, HC is generated in 
a large amount during the cold start. Hence, it is an important 
technical task to control the discharge of HC into air during 
the cold start. 

[0005] In this connection, attention has recently been paid 
to a technique of utiliZing the Zeolite adsorptivity for HC and 
alloWing a Zeolite-containing adsorbent to adsorb the HC 
generated during the cold start of engine, from the start of 
engine to a timing When the catalyst active component is 
heated suf?ciently. 

[0006] When there are used, of the above-mentioned tech 
niques, the catalysts proposed by SAE Paper Nos. 941058 
and 930386, containing no Zeolite as an adsorbent although 
containing Pd of excellent-light off performance in a rela 
tively high concentration, the HC, Which is generated in a 
large amount during the cold start of engine, is discharged 
into air Without being puri?ed, up to the timing When the 
catalyst is activated. Further, since the catalysts contain no 
adsorbent, no optimiZation is employed to effectively purify 
a high concentration of the HC generated When the HC 
adsorbed by an adsorbent is desorbed from the adsorbent. 

[0007] In the catalyst disclosed in Japanese Patent Appli 
cation Kokai (Laid-Open) No. 305429/1990, Zeolite is used 
merely as a substrate for loading a noble metal and is not 
optimiZed as an adsorbent; therefore, the catalyst has an 
insuf?cient adsorptivity. Moreover, the catalyst contains Pd 
in a loW concentration, is insuf?cient in light-off perfor 
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mance and puri?cation ability, and is unable to effectively 
purify a high concentration of the HC desorbed from the 
adsorbent With the Warming up of engine. 

[0008] Either in the catalyst disclosed in Japanese Patent 
Application Kokai (Laid-Open) No. 293384/1993, no opti 
miZation (in presence or absence of Pd, Pd concentration, 
etc.) is made to effectively purify a high concentration of the 
HC-desorbed from Zeolite; therefore, the catalyst is insuf? 
cient in light-off performance and puri?cation ability. 

[0009] In the catalyst system disclosed in Japanese Patent 
Application Kokai (Laid-Open) No. 174937/1990, Zeolite is 
used as a substitute for Rh to reduce the amount of Rh 
(Which is an expensive noble metal very small in ore 
reserve) and no adsorbent optimiZation is made; therefore, 
the catalyst has an insuf?cient adsorptivity. Moreover, the 
catalyst contains a loW concentration of Pd, is insufficient in 
light-off performance and puri?cation ability, and is unable 
to effectivley purify a high concentration of the HC desorbed 
from the adsorbent With the Warming up of engine. 

SUMMARY OF THE INVENTION 

[0010] The present invention has been made in vieW of the 
above-mentioned problems of the prior art and is intended to 
provide (1) a catalyst-adsorbent Wherein Zeolite can effec 
tively act as an adsorbent for HC and the concentrations of 
catalyst active components, etc. are optimiZed so that a high 
concentration of the HC desorbed from the adsorbent With 
the Warming-up of engine can be effectively puri?ed, and (2) 
a method for effective puri?cation of exhaust gases using the 
catalyst-adsorbent 
[0011] According to the present invention there is pro 
vided a catalyst-adsorbent for puri?cation of exhaust gases, 
comprising a monolithic carrier and a catalyst-adsorbent 
layer formed thereon, the catalyst-adsorbent layer compris 
ing a catalyst for reduction of the carbon monoxide, hydro 
carbons and nitrogen oxides emitted from internal combus 
tion engines and an adsorbent for reduction of the 
hydrocarbons emitted during the cold start of said engines, 
the catalyst being composed mainly of catalyst particles 
each comprising a heat-resistant inorganic oxide and at least 
one noble metal selected from Pt, Pd and Rh, loaded thereon, 
the catalyst containing at least catalyst particles each com 
prising a heat-resistant inorganic oxide and 2-30% by 
Weight, based on said oxide, of Pd loaded thereon, the 
adsorbent comprising adsorbent particles composed mainly 
of Zeolite. 

[0012] According to the present invention, there is also 
provided a method for puri?cation of exhaust gases, Which 
comprises providing a catalyst-adsorbent in an exhaust gas 
system of internal combustion engine and conducting 
exhaust gas puri?cation While introducing secondary air into 
the exhaust gas system at a site upstream of the catalyst 
adsorbent for a certain length of time during the cold start of 
the engine, in Which the catalyst-adsorbent comprises a 
monolithic carrier and a catalyst-adsorbent layer formed 
thereon, the catalyst-adsorbent layer comprising a catalyst 
for reduction of the carbon monoxide, hydrocarbons and 
nitrogen oxides emitted from internal combustion engines 
and an adsorbent for reduction of the hydrocarbons emitted 
during the cold start of said engines, the catalyst being 
composed mainly of catalyst particles each comprising a 
heat-resistant inorganic oxide and at least one noble metal 
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selected from Pt, Pd and Rh, loaded thereon, the catalyst 
containing at least catalyst particles each comprising a 
heat-resistant inorganic oxide and 2-30% by Weight, based 
on said oxide, of Pd loaded thereon, the adsorbent compris 
ing adsorbent particles composed mainly of Zeolite. 

[0013] According to the present invention there is further 
provided a method for puri?cation of exhaust gases, Which 
comprises providing a catalyst-adsorbent in an exhaust gas 
system of internal combustion engine and conducting 
exhaust gas puri?cation While regulating amounts of com 
bustion air and fuel for a certain length of time during the 
cold start of the engine to shift the composition of the 
exhaust gas to a lean side, in Which method the catalyst 
adsorbent comprises a monolithic carrier and a catalyst 
adsorbent layer formed thereon, the catalyst-adsorbent layer 
comprising a catalyst for reduction of the carbon monoxide, 
hydrocarbons and nitrogen oxides emitted from internal 
combustion engines and an adsorbent for reduction of the 
hydrocarbons emitted during the cold start of said engines, 
the catalyst being composed mainly of catalyst particles 
each comprising a heat-resistant inorganic oxide and at least 
one noble metal selected from Pt, Pd and Rh, loaded thereon, 
the catalyst containing at least catalyst particles each com 
prising a heat-resistant inorganic oxide and 2-30% by 
Weight, based on said oxide, of Pd loaded thereon, the 
adsorbent comprising adsorbent particles composed mainly 
of Zeolite. 

BRIEF DESCRIPTION OF DRAWINGS 

[0014] FIGS. 1(A) to 1(E) shoW fragmentary sectional 
vieWs of typical embodiments of the present catalyst-adsor 
bent. 

[0015] FIG. 2 shoWs an example of honeycomb heater. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0016] The catalyst-adsorbent and the method both for 
puri?cation of exhaust gases according to the present inven 
tion are constituted as above. The HC generated in a large 
amount during the cold start of engine is ?rst adsorbed by 
the adsorbent composed mainly of Zeolite, of the catalyst 
adsorbent layer formed on the monolithic carrier of the 
present catalyst-adsorbent; then the adsorbed HC is des 
orbed from the adsorbent With the Warming-up of engine and 
resultant temperature increase of exhaust gas and is puri?ed 
effectively mainly by the action of the catalyst of the 
catalyst-adsorbent layer. At this time, the HC can be puri?ed 
at a very high efficiency When secondary air is introduced 
into the exhaust system at a site upstream of the catalyst 
adsorbent or When amounts of combustion air and fuel are 
regulated to shift the air-fuel ratio to a lean side. 

[0017] The catalyst favorably puri?es not only the HC 
desorbed from the adsorbent but also other harmful compo 
nents generated during the cold start and the steady-state 
operation after engine Warming-up. 

[0018] The present invention is hereinafter described in 
detail. 

[0019] In the present invention, the catalyst is mainly 
composed of catalyst particles each comprising a heat 
resistant inorganic oxide and at least one noble metal 
selected from Pt, Pd and Rh, located thereon and contains at 
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least catalyst particles each comprising a heat-resistant inor 
ganic oxide and 2-30% by Weight, based on the inorganic 
oxide, of Pd loaded thereon (the catalyst particles each 
comprising 2-30% by Weight of Pd are hereinafter referred 
to as “Pd catalyst particles”). 

[0020] In the Pd catalyst particles, Pd of high concentra 
tion (2-30% by Weight based on the heat-resistant inorganic 
oxide) acts effectively for puri?cation of exhaust gas and is 
excellent particularly in loW-temperature light-off perfor 
mance; therefore, Pd is an essential component for puri? 
cation of a high concentration of the HC desorbed from the 
adsorbent With the Warming-up of engine and resultant 
temperature increase of exhaust gas. The reason Why the Pd 
concentration is made 2-30% by Weight based on the heat 
resistant inorganic oxide is that When the concentration is 
less than 2% by Weight, no improvement in light-off per 
formance is a obtained and the puri?cation ability for a high 
concentration of HC is insuf?cient and, When the concen 
tration is more than 30% by Weight, the dispersion of Pd in 
heat-resistant inorganic oxide is signi?cantly loW. Use of Pd 
in an amount of 2-20% by Weight is preferable because Pd 
can be dispersed suf?ciently, the light-off performance is 
improved, a high concentration of the HC desorbed from the 
adsorbent can be puri?ed suf?ciently, and the catalyst dura 
bility is improved. 

[0021] Incidentally, the Pd catalyst particles preferably 
contains Pd as an only noble metal in order to avoid alloying 
of Pd With other noble metal(s) and consequent deactivation 
of Pd. 

[0022] The catalyst particles other than the Pd catalyst 
particles can each contain Pd, Pt (for improvement of 
catalyst activity in high-temperature steady state operation) 
and Rh (effective for selective reduction of NOX) singly or 
in any combination. When these catalyst particles each 
contain a plurality of noble metals, it is preferable for 
prevention of alloying that Pd and Rh do not exist together 
in any particle; and from the standpoint of durability it is 
preferable that each particle contains only one noble metal. 
The concentrations of Rh and Pt relative to the heat-resistant 
inorganic oxide are preferably each 02-25% by Weight. 
When each concentration is less than 0.2% by Weight, no 
addition effect of the noble metal is obtained. When each 
concentration is more than 2.5% by Weight, the dispersion of 
the noble metal is loW. 

[0023] The total amount of Pd in catalyst is preferably 
10-700 g per ft3 of the catalyst-adsorbent (0.35-24.72 g/l). 
When the amount is less than 10 g/ft3 (0.35 g/l), the resulting 
catalyst has problems in light-off performance and durabil 
ity. When the amount is more than 700 g/ft3 (24.72 g/l), the 
catalyst cost is too high. The total amount of Pd is particu 
larly preferably 70-250 g/ft3 (2.47-8.83 g/l) in vieW of the 
cost and performance of catalyst. 

[0024] The total amounts of Pt and Rh in catalyst are 
preferably 0-60 g per ft3 of the catalyst-adsorbent (0-2.12 
g/l) and 0-30 g per ft3 of the catalyst-adsorbent (0-1.06 g/l), 
respectively. When the amounts of Pt and Rh exceed 60 g/ft3 
(2.12 g/l) and 30 g/ft3 (1.06 g/l), respectively, the resulting 
catalyst is not preferable in cost and dispersion. 

[0025] At least part of the Pd catalyst particles is prefer 
ably provided at a position of the catalyst-adsorbent layer 
ranging from the layer surface to the midpoint of the layer 
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thickness. More preferably, at least part of the Pd catalyst 
particles is exposed at the surface of the catalyst-adsorbent 
layer. By thus providing Pd in a high concentration in the 
vicinity of the surface of the catalyst-adsorbent layer, a 
remarkably improved loW-temperature light-off perfor 
mance can be obtained. That is, CO and HC diffuse into the 
catalyst-adsorbent layer and reach the Pd catalyst particles 
present in the vicinity of the layer surface, Whereby light-off 
is promoted (The CO and HC act as triggers). Moreover, 
When the Pd catalyst particles are provided at a position of 
the catalyst-adsorbent layer ranging from the layer surface to 
the midpoint of the layer thickness, the diffusion of HC 
emitted from engine, into Pd catalyst particles is easy and 
the contact of a high concentration of HC desorbed from 
adsorbent, With Pd catalyst particles and resulting puri?ca 
tion of the HC takes place at a high efficiency. When the Pd 
catalyst particles are exposed at the surface of the catalyst 
adsorbent layer, the contact of HC and CO With the particles 
is easier, resulting in a even better loW-temperature light-off 
performance. 
[0026] In order to achieve the best loW-temperature light 
off performance, it is preferable that a Pd surface layer 
containing, as the catalyst particles, only Pd catalyst par 
ticles comprising a heat-resistant inorganic oxide and Pd 
loaded thereon as an only noble metal is formed on the 
surface of the catalyst-adsorbent layer. In this case, the HC 
desorbed from the adsorbent contacts With the Pd catalyst 
particles Without fail. The above Pd surface layer may 
contain, besides the Pd catalyst particles, a rare earth ele 
ment oxide (e.g. CeO2), for example. 

[0027] The presence of catalyst particles containing Pt or 
Rh or a plurality of noble metals selected from Pt, Pd and 
Rh, beneath the Pd surface layer is preferable because such 
constitution can additionally have the above-mentioned 
properties given by Pt or Rh. In vieW of the durability, 
hoWever, the catalyst of the present catalyst-adsorbent pref 
erably contains, as the catalyst particles, only Pd catalyst 
particles comprising a heat-resistant inorganic oxide and Pd 
loaded thereon as an only noble metal. In one preferred 
embodiment, such a catalyst is mixed With an adsorbent 
(described in detail later) to form a catalyst-adsorbent layer. 
In another preferred embodiment, a ?rst layer of an adsor 
bent is formed on a monolithic carrier; and thereon is formed 
a second layer of a catalyst containing, as the catalyst 
particles, only Pd catalyst particles comprising a heat 
resistant inorganic oxide and Pd loaded thereon as an only 
noble metal, to form a tWo-layered catalyst-adsorbent layer 
having good durability and loW-temperature light-off per 
formance. 

[0028] When there are used catalyst particles of at least 
tWo kinds each comprising a noble metal(s), they are pref 
erably provided in respective layers in vieW of the catalyst 
durability. 

[0029] As the heat-resistant inorganic oxide on Which a 
noble metal(s) is (are) loaded, there can be suitably used 
active alumina, Zirconia, silica, titania, etc. Of these, active 
alumina and/or Zirconia is preferred in vieW of the interac 
tion With the noble metal(s). 

[0030] When an active alumina having a speci?c surface 
area of 100 m2/g or more is used, a noble metal(s) is (are) 
loaded thereon in a high dispersion state, Whereby preferable 
catalytic activity is expressed. Zirconia, When used in com 
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bination With Rh, provides improved heat resistance par 
ticularly in an oxidiZing atmosphere. 

[0031] To the heat-resistant inorganic oxide is ordinarily 
added a rare earth element oxide, a compound oxide of rare 
earth element oxides or a compound oxide of a rare earth 
element oxide and Zirconia. 

[0032] As the rare earth element oxide to be added to the 
heat-resistant inorganic oxide, there can be suitably used 
CeO2, La2O3, a compound oxide thereof, etc. The addition 
of such a rare earth element oxide provides a catalyst of a 
higher oxygen storage capacity (OSC) and Wider three-Way 
catalytic performance. 
[0033] The addition of a rare earth element oxide to a 
heat-resistant inorganic oxide, for example, the addition of 
CeO2 to active alumina may be conducted by adding a CeO2 
poWder to active alumina. HoWever, it can be conducted 
particularly preferably by impregnating active alumina With 
a cerium compound, calcinating the impregnated alumina to 
form an active alumina-ceria compound oxide, and adding 
thereto a CeO2 poWder as necessary, because this practice 
can improve the heat resistance of active alumina and the 
OSC of ceria. 

[0034] Addition of CeO2 to a heat-resistant inorganic 
oxide is preferably avoided When Rh is loaded on the 
inorganic oxide because the properties of Rh are impaired by 
the coexistence of CeO2. With respect to the position at 
Which CeO2 is present, CeO2 may be dispersed uniformly in 
the catalyst-adsorbent layer. CeO2 shoWs its effect even 
When it is present at a position slightly inside from the 
surface of the catalyst-adsorbent layer. Accordingly, When a 
Pd surface layer is formed, the presence of CeO2 or Pd 
loaded CeO2 inside from the Pd surface layer (regardless of 
Whether or not the Pd surface layer contains CeO2) is one 
preferred embodiment. 

[0035] The rare earth element oxide, the compound oxide 
of rare earth element oxides or the compound oxide of a rare 
earth element oxide and Zirconia may load thereon a noble 
metal(s), together With the heat-resistant inorganic oxide, or 
may be per se added to the catalyst. 

[0036] The amount of the rare earth element oxide, the 
compound oxide of rare earth element oxides or the com 
pound oxide of a rare earth element oxide and Zirconia, to be 
added to the heat-resistant inorganic oxide is 2-50% by 
Weight based on the heat-resistant inorganic oxide. When the 
amount is less than 2% by Weight, the effect of the addition 
is little seen; and When the amount is more than 50% by 
Weight, light-off performance is not improved ef?ciently. 

[0037] Then, description is made on the adsorbent of the 
present catalyst-adsorbent. 
[0038] The adsorbent comprises adsorbent particles com 
posed mainly of Zeolite. Zeolite, Which is the main compo 
nent of the adsorbent particles, is typically a crystalline 
aluminosilicate having a three-dimensional netWork struc 
ture formed by tetrahedrons of SiO4 in Which Si atoms are 
partially replaced by Al atoms, via oxygen atoms and, in 
order to keep charge balance, usually contains cations such 
as Na and the like. High-silica Zeolite having a SiO2/Al2O3 
molar ratio of 40 or more is preferred in the present 
invention While ordinary Zeolite has a SiO2/Al2O3 molar 
ratio of 1-5. The cations are preferably hydrogen ions (H 
type) . 
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[0039] Use of high-silica Zeolite having a SiO2/Al2O3 
molar ratio of 40 or more provides various advantages. That 
is, the resulting adsorbent has higher heat resistance and the 
resulting catalyst-adsorbent can be used under Wider condi 
tions and has higher utility; further, the resulting adsorbent 
has higher hydrophobicity and shoWs higher adsorptivity 
toWards the HC present in exhaust gas than toWards the 
moisture also present in exhaust gas, Whereby the HC 
adsorption by the adsorbent is not hindered by the moisture 
present in exhaust gas. 

[0040] A SiO2/A2O3 molar ratio of less than 40 is not 
preferable because the crystal structure of Zeolite is 
destroyed at exhaust gas temperatures of about 400-800° C. 
Use at high temperatures of high-silica Zeolite of Na type, as 
compared With that of H type, is not preferable, either, 
because the crystal structure of such Zeolite starts destruc 
tion at high temperatures, particularly at 800° C. or higher. 

[0041] As the high-silica Zeolite having a SiO2/Al2O3 
molar ratio of 40 or more, there can be used ZSM-S, USY, 
[3-Zeolite or the like. 

[0042] When the above Zeolite is used as the main corn 
ponent of the adsorbent particles constituting the adsorbent 
of the present catalyst-adsorbent, the Zeolite may be used as 
it is or in the form containing at least one kind of ion of an 
element having an electronegativity of 1.40 or more, pref 
erably 1.80 or more. An ion of an element having a large 
electronegativity attracts an electron(s) easily; therefore, 
presence of the ion(s) in Zeolite alloWs the Zeolite to have a 
high interaction With HC rnolecules; consequently, the Zeo 
lite has higher adsorptivity for HC and adsorbs a larger 
amount of HC and, moreover, desorbes the adsorbed HC at 
higher temperatures. 

[0043] The ion of an element having an electronegativity 
of 1.40 or more includes ions of Al, Ti, V, Mn, Fe, Co, Ni, 
Cu, Zn, Pd, Ag, Pt, Au, etc. Of these, preferred are ions 
Which are each a soft acid or an intermediate acid. Herein, 
“a soft acid or an intermediate acid” refers to an ion of a 
metal M, having a AHO/n of 1.8 eV or more [AHO/n is a value 
obtained by dividing the enthalpy AHO in a reaction of 
hydrating the metal M of gaseous state to ioniZe the metal 
(the reaction is represented by MQMn++ne_), With the 
valency n of the metal]. When rnetals having the same 
valency n are compared, a softer rnetal takes a larger positive 
value With respect to the ioniZation energy. With respect to 
the hydration enthalpy, a softer rnetal takes a larger negative 
value in a highly polar solvent such as Water. Among various 
metals of different valencies, a metal ion of larger AHO/n is 
a softer metal ion and a metal ion of smaller AHO/n is a 
harder metal ion. In the present invention, the ions, Which 
shoWed a superior effect, are ions having AHO/n of 1.8 eV or 
more, and an ion having AHO/n of 3.0 eV or more is more 
preferable. Speci?c examples of such ions are C02", Ni2+, 
Zn2+, Cu2+, Cu", Ag", Au+and Fez". A softer acid has a 
larger atornic radius and a larger polariZability; therefore, 
When at least one kind of such soft acid or intermediate acid 
ion is present in Zeolite, the portion overlapping With the 
molecular orbital of HC (e.g. toluene or propylene) increases 
and the resulting Zeolite can have higher adsorptivity for 
HC. 

[0044] When the above ion is at least one kind of ion of an 
element selected from 1B group elernents (Cu, Ag and Au) 
of periodic table and present in Zeolite, the ion can shoW 
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high adsorptivicy for HC even in the presence of moisture 
and, moreover, the ion exhibits even a catalytic activity at 
temperatures of 150° C. or higher. Of these 1B group 
elernent ions, Cu and Ag ions are preferred and Ag ion is 
particularly preferred because it can adsorb a larger amount 
of HC up to higher temperatures. Further, Ag ion can adsorb, 
even When 02 is absent, the same adsorptivity as When 02 
is present; therefore, Ag ion shoWs excellent adsorptivity 
even When subjected to, for example, a fuel-rich atmosphere 
in automobile exhaust gas system. When Ag ion and Cu ion 
are alloWed to be present together in Zeolite, there can be 
obtained both the effect of higher adsorptivity by Ag ion and 
the effect of higher adsorptivity and catalytic activity by Cu 
ion; thus, an excellent puri?cation ability in a Wide tern 
perature range from low temperatures to high temperatures 
can be obtained. Further, the presence of these tWo kinds of 
ions can prevent agglomeration of respective ions, leading to 
improved heat resistance. 

[0045] The above ion can be alloWed to be present in 
Zeolite by ion exchange, irnpregnation or the like. The 
position (the form of coordination) of the ion in Zeolite has 
preferably square planar coordination to the oxygen in 
Zeolite framework, in vieW of the improvement in adsorp 
tivity for HC. The reason is not certain but is presumed to be 
that When the ion is in the form of planar coordination, the 
presence of gaps above and beloW the plane alloWs for the 
access of HC to the ion, giving an improved adsorptivity for 
HC. 

[0046] In order to alloW the ion to be in the form of square 
planar coordination relative to the oxygen in Zeolite frame 
work, there can be employed a method which comprises 
using, in adding the ion to Zeolite, a metal salt Whose anion 
has a large three-dirnensional siZe or a metal salt Whose 
degree of dissociation into ion is small, to prevent the 
formation of square pyramid or octahedral coordination 
having steric hindrance and, as a result, increasing the 
number of the ions present in the form of planar coordina 
tion. Examples of the above metal salt are preferably metal 
salts of organic acids (eg acetic acid). 

[0047] When the content of ion in Zeolite is small, the 
effect of increase in HC desorption temperature is loW. 
Hence, the content of ion in Zeolite is preferably 20% or 
more, more preferably 40% or more based on the Al atoms 
in Zeolite. 

[0048] When the ion is alloWed to be present in Zeolite by 
ion exchange, the ion exchange rate can be increased by 
increasing the concentration of the metal salt solution used 
in ion exchange, or by taking a longer time for ion exchange. 
When ion exchange is conducted for a given length of time 
With a metal salt solution of a given concentration and, after 
?ltration, ion exchange is again conducted sirnilarly using a 
new metal salt solution, the ion exchange rate can be 
increased by increasing the times of ion exchange With neW 
solution. 

[0049] In the adsorbent of the present catalyst-adsorbent, 
it is desirable for improved heat resistance to alloW Zeolite 
to also contain at least one ion selected from ions of Mg, Ca, 
Sr, Ba, Y, La, Ti, Ce, Mn, Fe, Cr, Ni and Zn, preferably at 
least one ion selected from ions of Mg, Ca, Fe and Cr. 

[0050] Also, presence of at least one noble metal in Zeolite 
provides a catalyst-adsorbent having a higher overall cata 



US 2001/0053340 A1 

lytic activity and showing an excellent puri?cation ability in 
a Wider temperature range from loW temperatures to high 
temperatures. As the noble metal(s), Pt, Rh and/or Pd is 
preferred. The total amount of noble metal(s) in Zeolite is 
preferably 5-200 g per ft3 of the catalyst-adsorbent (0.18 
7.07 g/l), more preferably 5-60 g per ft3 of the catalyst 
adsorbent (0.18-2.12 g/l). When the amount is less than 5 
g/ft (0.18 g/l), no effect of noble metal addition is obtained. 
When the amount is more than 200 g/ft3 (2.12 g/l), the pore 
volume of Zeolite is reduced [When the noble metal(s) is 
(are) alloWed to be present by ion exchange] and the 
dispersion of noble metal(s) is loWered [When the noble 
metal(s) is (are) alloWed to be present by impregnation]. 

[0051] Zeolites such as ZSM-5, USY, [3-Zeolite and the 
like can be used singly or in combination. When they are 
used in combination, they can be provided (coated) on a 
monolithic carrier as a mixture or in respective layers. 
ZSM-5 having relatively small pores of about 0.55 nm in 
diameter is advantageous for adsorption of HC of small 
molecule having an effective toluene molecular diameter or 
smaller; USY having relatively large pores of about 0.74 nm 
in diameter is advantageous for adsorption of HC of large 
molecule having an effective m-xylene molecular diameter 
or larger; and [3-Zeolite having bimodal pores of about 0.55 
nm and about 0.70 nm in diameter can relatively Well adsorb 
both small molecule HC and large molecule HC. 

[0052] Thus, use of a plurality of Zeolites having different 
pore diameters, in any combination alloWs for adsorption of 
substantially all the HCs of different effective molecular 
diameter. 

[0053] In the present catalyst-adsorbent, the catalyst-ad 
sorbent layer supported on the monolithic carrier is consti 
tuted by the catalyst and the adsorbent both described above. 
The Weight ratio of the catalyst and the adsorbent is pref 
erably 90-15:10-85. When the proportion of the catalyst is 
less than 15% by Weight, the light-off performance of the 
catalyst is loW. When the proportion of the adsorbent is less 
than 10% by Weight, the adsorbent has loW adsorptivity for 
HC during the cold start of engine. 

[0054] The thickness of the catalyst-adsorbent layer is 
preferably 20-150 pm. When the layer thickness is less than 
20 pm, no suf?cient durability is obtained. When the layer 
thickness is more than 150 pm, a large pressure drop is 
induced and the diffusion of exhaust gas into the inner 
portion (the monolithic carrier side) of the catalyst-adsor 
bent layer is insuf?cient, Which invites ineffective utiliZation 
of the catalyst particles and/or the adsorbent particles 
present in the inner portion of the catalyst-adsorbent layer. 

[0055] The catalyst-adsorbent for puri?cation of exhaust 
gases according to the present invention is used under severe 
conditions. Hence, it is preferred that the monolithic carrier 
of the catalyst-adsorbent is made of a heat-resistant inor 
ganic substance and has a honeycomb structure. Use, as the 
monolithic carrier, of an electrical heater capable of gener 
ating heat When electri?ed, obtained by attaching electrodes 
to a honeycomb structure is particularly preferable because 
the catalyst temperature can be increased quickly and 
because the puri?cation during the cold start of engine can 
be maximiZed. 

[0056] As the electrical heater, there may be used a foil 
type heater used heretofore. HoWever, a heater obtained by 
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poWder metallurgy is preferable because it has no problem 
in mechanical strength and telescoping and is highly reli 
able. 

[0057] As the material for the monolithic carrier, there is 
suitably used a honeycomb structure made of cordierite or a 
metal capable of generating heat When electri?ed. The 
honeycomb structure made of a metal includes those made 
of stainless steel or a material having a composition repre 
sented by Fe—Cr—Al, Fe—Cr, Fe—Al, Fe—Ni, W—Co, 
Ni—Cr or the like. Of these honeycomb structures, those 
made of Fe—Cr—Al, Fe—Cr or Fe—Al are preferred 
because of excellent heat resistance, oxidation resistance 
and corrosion resistance and loW cost. The honeycomb 
structure may be porous or nonporous, but a porous honey 
comb structure is preferred because it has higher adhesivity 
to the catalyst-adsorbent layer and gives rise to substantially 
no peeling of the catalyst-adsorbent layer caused by the 
difference in thermal expansion betWeen the honeycomb 
structure and the layer. 

[0058] Next, description is made on an example of the 
process for production of a metallic honeycomb structure 
used as one type of monolithic carrier of honeycomb struc 
ture. 

[0059] First, a material metal poWder is prepared using, 
for example, a Fe poWder, an Al poWder and a Cr poWder, 
or a poWder of an alloy thereof so that they give a desired 
composition. The material metal poWder is then mixed With 
an organic binder (e.g. methyl cellulose or polyvinyl alco 
hol) and Water. The resulting mixture is subjected to extru 
sion to obtain a honeycomb body of desired shape. 

[0060] The honeycomb body is ?red at 1,000-1,450° C. in 
a non-oxidiZing atmosphere. Use of a non-oxidiZing atmo 
sphere containing hydrogen is preferable because the 
organic binder is decomposed and removed by the help of 
the catalytic action of Fe, etc. and, as a result, an excellent 
sintered body (a honeycomb structure) is obtained. 

[0061] When the ?ring temperature is loWer than 1,000° 
C., the honeycomb body is not sintered. When the ?ring 
temperature is higher than 1,450° C., the sintered body 
obtained is deformed. 

[0062] Preferably, the honeycomb structure is coated With 
a heat-resistant metal oxide on the partition Walls and the 
pore surfaces. 

[0063] When the honeycomb structure is provided With 
electrodes (described later) to make into an electrical heater, 
it is preferable that the honeycomb structure is provided With 
a resistant-adjusting means of a desired pattern betWeen the 
electrodes. 

[0064] Preferable examples of the resistance-adjusting 
means are as folloWs. 

[0065] (1) Slits formed in desired directions, positions and 
lengths. 

[0066] (2) Partition Walls having different lengths in the 
passage axial direction. 

[0067] (3) Partition Walls of different thicknesses, or pas 
sages of different cell densities. 

[0068] (4) Slits formed in partition Walls. 
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[0069] Of these, the resistance-adjusting means (1) is 
particularly preferable because the portions of the honey 
comb heater to be heated can be controlled as desired. 

[0070] The thus obtained metallic honeycomb structure is 
provided With electrodes ordinarily at partition Walls of the 
circumferential portions or inside of the structure, by braZ 
ing, Welding or the like, to obtain a heater capable of 
generating heat When electri?ed (a honeycomb heater). 

[0071] Incidentally, the electrodes mentioned herein refer 
to any terminals for applying a voltage to the honeycomb 
heater. 

[0072] The heater is preferably formed so as to have a total 
resistance of 0001-05 Q 

[0073] The shape of honeycomb structure is not particu 
larly restricted. But, as an example, such a speci?c shape is 
preferable that the cell density is 6-1,500 cells/in2 (cpi2) 
(09-233 cells/cm2) and the partition Wall thickness is 50-2, 
000 pm. 

[0074] The honeycomb structure may be porous or non 
porous as mentioned above and its porosity is not restricted. 
HoWever, the porosity is preferably 050%, more preferably 
5-40% in vieW of the strength, oxidation resistance, corro 
sion resistance and adhesion to catalyst-adsorbent layer. 

[0075] Incidentally, in the present invention, the honey 
comb structure refers to a one-piece structure having a large 
number of passages substantially parallel to the direction of 
gas ?oW, separated by partition Walls. The sectional shape 
(cell shape) of each passage may be any desired one such as 
circular, polygonal, corrugated or the like. 

[0076] Next, description is made on the method for puri 
?cation of exhaust gases using the above mentioned cata 
lyst-adsorbent. 

[0077] In conducting puri?cation of exhaust gas using the 
catalyst-adsorbent of the present invention, it is preferable 
for the maximum HC puri?cation during the cold start of 
engine that an oxidiZing gas such as secondary air or the like 
is introduced into the exhaust gas system at a site upstream 
of the catalyst-adsorbent for a certain length of time during 
the cold start. The reason is as folloWs. Generally, the 
exhaust gas emitted form engine is in a fuel-rich state during 
the cold start, oWing to the engine operational reason. The 
desorption of HC from adsorbent With an increase in exhaust 
gas temperature makes the exhaust gas more fuel-rich. 
Under such a situation, introduction of oxidiZing gas can 
alleviate oxygen shortage (thereby, the exhaust gas compo 
sition is preferably made oxygen-excessive) and contributes 
to higher HC and CO puri?cation by catalyst. The heat 
generated by the puri?cation reaction can be utiliZed for the 
faster Warming-up of engine. 

[0078] The site of secondary air introduction is not par 
ticularly restricted as long as it is any site betWeen the 
exhaust port of engine and the catalyst-adsorbent, but is 
particularly preferably the vicinity of the exhaust port 
because good mixing is obtainable betWeen the exhaust gas 
and the secondary air. The amount of secondary air intro 
duced varies depending upon the displacement of engine but 
is generally 50-300 l/min. The amount may be constant or 
variable. The air-fuel ratio When secondary air is introduced, 
is controlled at about the stoichiometric point to a lean side 
()t=about 0.9-1.5). Control of air-fuel ratio particularly at a 
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lean side of )t=about 1.0-1.3 is preferable for improved HC 
puri?cation ability. The preferable timing of secondary air 
introduction is from the engine start to at least the start of HC 
desorption from adsorbent; that is, introduction is initiated 
Within 30-40 seconds from the engine start, and is stopped 
Within about 250 seconds from the engine start (When HC 
desorption from adsorbent is complete) or stopped before an 
O2 sensor starts operation of the feed-back to engine. 

[0079] In order to maximiZe the puri?cation ability during 
the cold start of engine, it is most preferable that the 
monolithic carrier of the catalyst-adsorbent is an electrical 
heater. In this case, electri?cation of the heater and intro 
duction of secondary air are initiated after the engine start 
and stopped Within about 60 seconds and about 100 seconds, 
respectively. Thereby, the puri?cation ability for HC and CO 
is higher than in ordinary case and the resulting reaction heat 
can be utiliZed for Warming-up of the heater itself to the 
maximum extent; as a result, the electricity consumed by the 
heater can be reduced remarkably, the catalyst-adsorbent can 
shoW satisfactory three-Way catalytic performance even 
during the steady-state operation after engine Warming-up, 
and a very large effect is obtained. 

[0080] Incidentally, electri?cation of heater may be initi 
ated even before the engine start (eg 30 seconds or less 
before the engine start) and a good puri?cation ability is 
obtained. 

[0081] The oxygen-excess exhaust gas composition can 
also be obtained by adjusting the engine operational condi 
tion, ie the amount of combustion air and the amount of 
fuel and, in this case, a similar effect can be obtained. The 
adjustment can be made, for example, by a method Which 
comprises feeding, after the ignition of engine, the fuel in an 
amount smaller than the theoretical amount relative to the air 
amount detected by an air ?oW sensor or the like in an 
open-loop control (using no 02 sensor); a method Which 
comprises controlling the air-fuel ratio by the use of an O2 
sensor and a computer so that the ratio is, for example, on 
a lean side for a certain length of time; and a method Which 
comprises controlling the air-fuel ratio by the use of, for 
example, a PEGO sensor in Which the sensor output linearly 
changes in accordance With the air-fuel ratio, so that the ratio 
is, for example, on a lean side for a certain length of time. 

[0082] The oxygen-excess exhaust gas composition can 
also be obtained preferably, by using both of (1) introduction 
of b oxidiZing gas and (2) regulation of amounts of com 
bustion air and fuel. 

[0083] The present invention is hereinafter described in 
more detail by Way of Examples. HoWever, the present 
invention is in no Way restricted to these Examples. 

[0084] Catalyst particles and adsorbent particles Were pre 
pared according to the folloWing procedures and used in 
Examples and Comparative Examples described later. 

[0085] [Preparation of catalyst particles (noble metal 
loaded heat-resistant oxide poWders)] 

[0086] (1) Pd-loaded Al2O3—CeO2 poWder 
[0087] Commercially available Y-AIZO3 having a BET 
speci?c surface area of 200 m2/g Was impregnated With an 
aqueous cerium nitrate solution so that the amount loaded 
(in terms of ceria) became 6% by Weight. The resulting 
material Was calcinated at 600° C. for 3 hours to obtain an 
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alumina-ceria compound oxide. The compound oxide Was 
pulverized by a Wet method. Thereto Was added a ceria 
poWder in an amount of 20% by Weight based on the amount 
of y-Al2O3. There Were further added an aqueous palladium 
nitrate solution and acetic acid. The mixture Was pulveriZed 
in a ball mill for 15 hours. The resulting slurry Was dried at 
100° C. for 15 hours and then ?red at 550° C. for 3 hours to 
obtain a Pd-loaded Al2O3—CeO2 poWder. 

[0088] (2) Pd-loaded A1203 poWder 

[0089] An aqueous palladium nitrate solution and acetic 
acid Were added to commercially available Y-AIZO3 having 
a BET speci?c surface area of 200 m2/g. The mixture Was 
pulveriZed in a ball mill for 15 hours to obtain a slurry. The 
slurry Was dried at 100° C. for 15 hours and then ?red at 
550° C. for 3 hours to obtain a Pd-loaded A1203 poWder. 

[0090] (3) Pt-loaded Al2O3—Ceo2 poWder 

[0091] A Pt-loaded Al2O3—CeO2 poWder Was obtained in 
the same manner as in the above (1) except that an aqueous 
dinitrodiammine platinum solution Was used in place of the 
aqueous palladium nitrate solution. 

[0092] (4) Rh-loaded A1203 poWder 

[0093] A Rh-loaded A1203 poWder Was obtained in the 
same manner as in the above (2) except that an aqueous 
rhodium nitrate solution Was used in place of the aqueous 
palladium nitrate solution. 

[0094] (5) Rh-loaded ZrO2 poWder 

[0095] A Rh-loaded ZrO2 poWder Was obtained in the 
same manner as in the above (4) except that a commercially 
available partially stabiliZed ZrO, poWder (containing 3 
mole % of YZO3 and having a BET speci?c surface area of 
16 m2/g) Was used in place of y-A2O3. 

[0096] [Preparation of adsorbent particles] 

[0097] Various Zeolites shoWn in Table 1 Were used as 
adsorbent particles as they Were. When a desired ion(s) Was 
(Were) alloWed to be present in Zeolite, hoWever, the Zeolite 
Was subjected to ion exchange or impregnation using vari 
ous metal salts shoWn in Table 1, to prepare adsorbent 
particles each consisting of ion(s)-containing Zeolite. The 
procedure of ion exchange and the procedure of impregna 
tion are shoWn beloW. 

[0098] Procedure of ion exchange 

[0099] Desired amounts of a Zeolite poWder, a metal salt 
and deioniZed Water Were each Weighed, and they Were 
mixed so as to give a metal salt concentration in solution, of 
005-02 mole/l. The solution Was kept at 80-90° C. and 
subjected to ion exchange for 2 hours (per each ion 
exchange) With stirring. After ?ltration, ion exchange Was 
conducted again With a neW solution, and ?ltration and 
subsequent ion exchange With neW solution Was repeated 
3-5 times. Then, Washing Was conducted With deioniZed 
Water at 50° C. for 15 minutes (per each Washing), folloWed 
by ?ltration. This Washing and ?ltration Was repeated 5-10 
times. The resulting material Was dried in air at 100° C. for 
10 hours and then calcinated in air at 550° C. for 1 hour to 
obtain a Zeolite poWder containing a desired ion(s) loaded 
thereon by ion exchange. 
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[0100] Procedure of impregnation 

[0101] Desired amounts of a Zeolite poWder, a metal salt 
and deioniZed Water Were each Weighed, and they Were 
mixed so as to give a metal salt concentration in solution, of 
005-02 mole/l. The solution Was kept at 80-90° C. to 
conduct impregnation for 2 hours. Then, the resulting mate 
rial Was dried in air at 100° C. for 10 hours and calcinated 
in air at 550° C. for 1 hour to obtain a Zeolite poWder 
containing a desired ion(s) loaded thereon by impregnation. 

TABLE 1 

Zeolites Q ZSM-S (H type, SiO2/A12O3 = 20) 
(before ion 9 ZSM-S (H type, SiO2/A12O3 = 120) 
exchange or 9 ZSM-S (H type, SiO2/A12O3 = 50) 
impregnation) 9 [5-Zeolite (H type, SiO2/Al2O3 = 120) 

Q USY (H type, SiO2/A12O3 = 120) 
Metal 
salts 

Acetates Cu(CH3COO)2 - H2O, CH3COOAg, Cr(CH3COO)3, 
La(CH3COO)3 - nH2O, CH3COOLi - 2H2O, 
CH3COONa, Mg(CH3COO)2 - 4H2O, Ba(CH3COO)2 

Sulfates Ti(SO4)2 
Others CuCl, Aucl3 - 2H2O, Pd(NH3)4Cl2, 

EXAMPLES 1-24 AND COMPARATIVE 
EXAMPLES 1-3 

[0102] One or a combination of the catalyst particles 
obtained above, the adsorbent particles composed of a 
commercially available Zeolite poWder (ZSM-5 of H type, 
SiO2/Al2O3=120) and a ceria poWder Was mixed With appro 
priate amounts of acetic acid and Water. Thereto Was added, 
as necessary, an alumina sol having an alumina concentra 
tion of 2.5% by Weight. The mixture Was pulveriZed in a ball 
mill for 15 hours to prepare a slurry. In the slurry Was 
dipped, one time or as necessary a plurality of times, a 
monolithic carrier [a cordierite honeycomb manufactured by 
NGK INSULATORS, LTD., outside diameter=1 in. (25.4 
mm), length=2 in. (50.8 mm), rib thickness=6 mil (152 pm), 
cell density 400 cpi2 (62 cells/cm2)] so that the amount of 
Washcoat reached a desired loading. The coated monolithic 
carrier Was dried and ?red to form a ?rst layer on the 
monolithic carrier. When a second layer (and a third layer) 
Was (Were) formed on the ?rst layer, dipping in desired 
slurry, drying and ?ring Were repeated to obtain catalyst 
adsorbents of Examples 1-24 and Comparative Examples 
1-3 shoWn in Tables 3-5. 

[0103] In order to estimate the long-term life (durability) 
of each catalyst-adsorbent obtained above, each catalyst 
adsorbent Was exposed to an actual exhaust gas of 750° C. 
emitted from an actual engine and aged for a total of 100 
hours With a fuel-cut mode. Each of the resulting catalyst 
adsorbents Was measured for HC light-off performance 
using synthetic exhaust gases (simulated engine exhaust 
gases). The measured HC light-off performance Was 
expressed as HC light-off performance T5O% (° C.), i.e. a 
temperature at Which the HC component present in a syn 
thetic exhaust gas Was converted by 50%. In this case, there 
Were used, as the synthetic exhaust gas, tWo kinds of gases, 
one having a composition of nearly stoichiometric air-fuel 
ratio ()t=1.0) and the other having a fuel-lean composition 
()t=1.3) obtained by adding 30% of air to the former gas. The 
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value of each T5O% (° C.) is shown in Tables 3-5. The 
compositions of the synthetic exhaust gases are shoWn in 
Table 2. 
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TABLE 2-continued 

During measurement During measure 

TABLE 2 of HC ment of HC 
light-off performance adsorption 

During measurement During measure 
Of HC ment of HC A = 1.0 A = 1.3 A = 0.96 

light-off performance adsorption 

A = 1.0 A = 1.3 A = 0.96 HC 2800 ppm C 2200 ppm C 4500 ppm C 

(interms of (interms of (interms of 
Composition of carbon) carbon) carbon) 
synthenc NO 1500 ppm 1100 ppm 1500 ppm 
exhaust gas H20 10% 10% 10% 
(by volume) 
— N2 Remainder Remainder Remainder 

CO2 13.2% 10.2% 16.0% Space Velocity 50000 hr’1 65000 hr’1 4000 hr’1 
02 0.8% 5.2% 0.77% 
CO 0.7% 0.5% 2.0% 
H2 0.2% 0.2% 0.33% 

[0104] 

TABLE 3 

Noble Total Pd concentration 
Structure of catalyst-absorbent Washcoat metal Pd in Pd catalyst HC light-off performance 
and loading loading loading particle T50% ° C. 

Examples kind of catalyst (g/cc) (g/ft3) (g/ft3) (Wt %) 7» =1.0 7» = 1.3 

1 First layer: Zeolite 0.18 0 150 5.9 231 188 
Second layer: Pd-loaded Al2O3.CeO2 0.09 150 

2 First layer: Pd-loaded Al2O3.CeO2 0.09 150 150 5.9 261 206 
(mixture layer) Zeolite 0.18 0 

3 First layer: Zeolite 0.18 0 150 5.9 232 186 
Second layer: CeO2 0.03 0 
Third layer: Pd-loaded Al2O3.CeO2 0.09 150 

4 First laryer: Pd-loaded Al2O3.CeO2 0.03 60 150 5.9 249 194 
(mixture layer) Zeolite 0.18 0 
Second layer: Pd-loaded Al2O3.CeO2 0.06 90 

5 First layer: Zeolite 0.18 0 150 5.9 254 211 
Second layer: Pd-loaded Al2O3.CeO2 0.09 150 
Third layer: Pd-loaded A1203 0.06 10 

6 First layer: Rh-loaded Al2O3.CeO2 0.09 150 150 5.9 268 216 
Second layer: Zeolite 0.18 0 

7 First laryer: Pd-loaded Al2O3.CeO2 0.09 150 150 5.9 267 215 
(mixture layer) Zeolite 0.09 0 
Second layer: Zeolite 0.09 0 

8 First layer: Pd-loaded A1203 0.06 10 150 5.9 269 218 
Second layer: Pd-loaded Al2O3.CeO2 0.09 150 
Third layer: Zeolite 0.18 0 

9 First layer: Zeolite 0.09 0 150 5.9 265 213 
Second layer: Pd-loaded Al2O3.CeO2 0.09 150 
Third layer: Zeolite 0.09 0 

[0105] 

TABLE 4 

Noble Total Pd concentration 
Structure of catalyst-absorbent Washcoat metal Pd in Pd catalyst HC light-off performance 
and loading loading loading particle T50% ° C. 

Examples kind of catalyst (g/cc) (g/ft3) (g/ft3) (Wt %) 7» =1.0 7» = 1.3 

10 First laryer: Pd-loaded Al2O3.CeO2 0.09 150 150 5.9 266 213 
(mixture layer) Zeolite 0.18 0 
Second layer: Rh-loaded A1203 0.06 0 

11 First laryer: Zeolite 0.09 0 150 5.9 260 205 

Second layer: Pd-loaded Al2O3.CeO2 0.09 150 
(mixture layer) Zeolite 0.09 0 
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TABLE 4-continued 
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Noble Total Pd concentration 
Structure of catalyst-absorbent Washcoat metal Pd in Pd catalyst HC light-off performance 
and loading loading loading particle T50% ° C. 

Examples kind of catalyst (g/cc) (g/ft3) (g/ft3) (Wt %) 7» =1.0 7» = 1.3 

12 First laryer: Zeolite 0.18 0 150 5.9 258 203 
Second layer: Pd-loaded Al2O3.CeO2 0.09 150 
(mixture layer) Rh-loaded Al2O3 0.06 10 

13 First laryer: Pd-loaded Al2O3.CeO2 0.09 150 150 5.9 262 208 
(mixture layer) Rh-loaded Al2O3 0.06 10 
Zeolite 0.18 0 

14 First laryer: Zeolite 0.18 0 150 5.9 242 196 
Second layer: Rh-loaded Al2O3 0.06 10 
Third layer: Pd-loaded Al2O3.CeO2 0.09 150 

15 First laryer: Rh-loaded Al2O3 0.06 10 150 5.9 245 198 
(mixture layer) Zeolite 0.18 0 
Second layer: Pd-loaded Al2O3.CeO2 0.09 150 

16 First laryer: Zeolite 0.18 0 150 5.9 240 195 
Second layer: Rh-loaded ZrO2 0.06 10 
Third layer: Pd-loaded Al2O3.CeO2 0.09 150 

17 First laryer: Zeolite 0.18 0 150 5.9 240 191 
Second layer: Pt-loaded Al2O3.CeO2 0.06 30 
Third layer: Pd-loaded Al2O3.CeO2 0.09 150 

[0106] 

TABLE 5 

Noble Total Pd concentration 
Structure of catalyst-absorbent Washcoat metal Pd in Pd catalyst HC light-off performance 
and loading loading loading particle T50% ° C. 

kind of catalyst (g/cc) (g/ft3) (g/ft3) (Wt %) 7» =1.0 7» = 1.3 

Examples 

18 First laryer: Zeolite 0.18 0 150 5.9 232 186 
(mixture layer) CeO2 0.03 0 
Second layer: Pd-loaded Al2O3.CeO2 0.09 150 

19 First laryer: Zeolite 0.18 0 150 5.9 235 189 
Second layer: CeO2 0.03 0 
Third layer: Pd-loaded Al2O3 0.09 150 

20 First laryer: Zeolite 0.18 0 150 5.9 238 185 
Second layer: Pd-loaded CeO2 0.03 60 
Third layer: Pd-loaded Al2O3.CeO2 0.06 90 

21 First laryer: Zeolite 0.18 0 60 2.4 261 214 
Second layer: Pd-loaded Al2O3.CeO2 0.09 60 

22 First laryer: Pd-loaded Al2O3.CeO2 0.03 20 60 2.4 268 217 
(mixture layer) Zeolite 0.18 0 
Second layer: Pd-loaded Al2O3 0.06 40 

23 First laryer: Zeolite 0.18 0 60 2.4 264 218 
Second layer: Pd-loaded Al2O3.CeO2 0.09 60 

24 First laryer: Zeolite 0.18 0 8 2.4 273 220 
Second layer: Rh-loaded Al2O3 0.06 10 
Third layer: Pd-loaded Al2O3.CeO2 0.012 8 

Comparative Examples 

1 First laryer: Zeolite 0.18 0 40 1.6 275 222 
Second layer: Rh-loaded Al2O3 0.06 10 
Third layer: Pd-loaded Al2O3.CeO2 0.09 40 

2 First laryer: Zeolite 0.18 0 40 1.6 273 221 

Second layer: Pd-loaded Al2O3.CeO2 0.09 40 
3 First laryer: Pd-loaded Al2O3.CeO2 0.09 40 40 1.6 279 225 

(mixture layer) Zeolite 0.18 0 

[0107] As shown in Tables 3-5, there Were investigated the 
effects of the structures of catalyst-adsorbents and the kinds 
of catalysts When the adsorbent Was H type ZSM-5 (SiO2/ 
Al2O3=120), on the performances of the resulting catalyst 

adsorbents. As a result, the catalyst-adsorbents of Examples 
1-24 containing Pd catalyst particles each comprising a 
heat-resistant inorganic oxide and 2-30% by Weight, based 
on the inorganic oxide, of Pd loaded thereon, as compared 
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With catalyst-adsorbents of Comparative Examples 1-3 con 
taining catalyst particles comprising a heat-resistant inor 
ganic oxide and less than 2% by Weight, based on the 
inorganic oxide, of Pd loaded thereon, Were superior in HC 
light-off performance and had sufficient durability. Of the 
catalyst-adsorbents of Examples 1-24, those in Which at 
least part of the above-mentioned Pd catalyst particles Were 
exposed on the surface of the catalyst-adsorbent layer (ie 
those in Which the outermost layer Was a mixture layer 
containing a Pd-loaded Al2O3—CeO2 poWder) and those in 
Which the catalyst-adsorbent layer had, on the surface, a Pd 
surface layer containing only the above-mentioned Pd cata 
lyst particles (ie those in Which the outermost layer Was 
composed of a Pd-loaded Al2O3—CeO2 poWder alone), 
shoWed particularly good HC light-off performances at 
>\.=1.3 (a synthetic exhaust gas of lean side containing 
secondary air). 

EXAMPLES 25-75 

[0108] Catalyst-adsorbents of Examples 25-75 shoWn in 
Tables 6-7 Were obtained by using the same catalyst-adsor 
bent structures and catalyst kinds as used in Examples 1-5 
and using, as the adsorbents, various ion(s)-containing Zeo 
lite poWders prepared by the above-mentioned ion exchange 
or impregnation, in place of the Zeolite poWder (H type 
ZSM-5, SiO2/Al2O3=120) containing no ion, used in 
Examples 1-5. In Tables 6-7, the catalyst-adsorbent struc 
tures and catalyst kinds used in Examples 1-5 are expressed 
as type A(Example 1), type B (Example 2), type C (Example 
3), type D (Example 4) and type E (Example 5); and their 
schematic sectional vieWs are shoWn in FIGS. 1(A), 1(B), 
1(C), 1(D) and 1(E), respectively. In FIGS. 1(A) to 1(E), 1 
indicates a Pd-loaded Al2O3—CeO2 poWder (Pd catalyst 
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particles); 2 indicates a Zeolite poWder (adsorbent particles); 
3 indicates a layer consisting of a Pd-loaded Al2O3—CeO2 
poWder alone (a Pd surface layer); 4 indicates a layer 
consisting of a Rh-loaded A1203 poWder alone; and 5 indi 
cates a layer consisting of a Zeolite poWder alone; and 6 
indicates a layer consisting of CeO2 poWder alone. 

[0109] Examples 42 and 43 are tests conducted for exam 
ining the effect of the form of ion coordination on adsorp 
tivity. In the adsorbent of Example 42, ion exchange Was 
made using copper acetate so that the proportion of ions of 
square planar coordination (relative to the oxygen in Zeolite 
framework) in total ions coordinated became high (82%); in 
the adsorbent of Example 43, ion exchange Was made using 
copper nitrate so that the above proportion became 43%. 
Incidentally, the form of ion coordination Was determined by 
the method using ESR described in “Cu2”-cation location 
and reactivity in modernite and ZSM-5: e.s.r. study, A. V. 
KLucherov, ZEOLITES, Vol. 5 (1985). 

[0110] The above-obtained catalyst-adsorbents Were sub 
jected to aging in the same manner as in Examples 1-24 and 
Comparative Examples 1-3 and then measured for HC 
light-off performance and HC adsorption. HC light-off per 
formance Was expressed as light-off performance T5O% (° 
C.), as in Examples 1-24 and Comparative Examples 1-3. 
With respect to HC adsorption, the proportion (%) of HC 
adsorbed Was measured at temperatures of 40° C., 2000 C. 
and 300° C., using a synthetic exhaust gas of >\.=0.96 (a 
simulated exhaust gas for the exhaust gas emitted from 
engine during cold start). The results are shoWn in Tables 
6-7. Incidentally, the composition, etc. of the synthetic 
exhaust gas used are shoWn in Table 2. 

TABLE 6 

Type of adsorbent (ion-containing7 Zeolite) HC adsorptivity 

Kind Amount of ion Hardness (%) HC light-off 
Kind of (% based on of Inlet gas temp. performance, 

Type of Zeolite Preparation Al in Electro- acid ° C. T50% ° C. 

Examples (1) ion(s) (2) method Zeolite) negativity (3) 40 200 300 7» = 1.0 7» = 1.3 

25 A H" — (100) 2.1 H 70 35 21 237 193 

26 A H" — (100) 2.1 H 77 41 28 231 188 

27 A H" — (100) 2.1 H 80 43 30 235 191 

28 A H" — (100) 2.1 H 79 46 30 230 189 

29 A H" — (100) 2.1 H 72 40 29 232 190 

30 A Li" ion exchange 83 1.0 H 62 30 20 235 192 
31 A La5+ ion exchange 3 1.1 H 67 33 22 233 189 
32 A Cr3+ ion exchange 46 1.5 H 74 36 26 232 188 
33 A Ti4+ impregnation 99 1.5 H 73 37 26 234 190 
34 A Cu2+ ion exchange 45 1.9 I 82 53 40 226 186 
35 A Cu’“ impregnation 123 1.9 S 77 49 46 228 188 
36 A Ag’“ ion exchange 60 1.9 S 86 55 45 232 188 
37 A Ag’“ ion exchange 58 1.9 S 90 57 46 231 187 
38 A Ag’“ impregnation 59 1.9 S 81 49 38 232 189 
39 A Au3+ ion exchange 90 2.4 S 83 58 42 230 186 
40 A Cu2+ ion exchange 80 1.9 I 90 68 62 224 185 

41 A Cu2+ ion exchange 78 1.9 I 79 49 46 226 187 
42 A Cu2+ ion exchange 60 1.9 I 85 57 54 225 186 
43 A Cu2+ ion exchange 58 1.9 I 80 51 49 227 187 

44 A Pd2+ ion exchange 98 2.2 S 80 6O 65 217 173 
45 A Pt4+ impregnation 94 2.2 S 77 50 62 223 180 

46 A Ag”, Cu2+ ion exchange, ion exchange 48, 43 1.9, 1.9 S, I 94 69 70 226 186 
47 A Ag", Pd2+ impregnation, impregnation 52, 28 1.9, 2.2 S, S 87 6O 63 221 178 
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TABLE 6-continued 

Type of adsorbent (ion-containing Zeolite) HC adsorptivity 

Kind Amount of ion Hardness (%) HC light-off 
Kind of (% based on of Inlet gas temp. performance, 

Type of Zeolite Preparation Al in Electro- acid ° C. T50% ° C. 

Examples (1) ion(s) (2) method Zeolite) negativity (3) 40 200 300 7» = 1.0 7» = 1.3 

48 A Ag”, Pd2+ ion exchange, impregnation 48, 31 1.9, 2.2 S, S 93 63 65 220 178 
49 A Ag", Pd2+ ion exchange, ion exchange 48, 30 1.9, 2.2 S, S 93 67 69 219 176 
50 A Ag", Pd2+ ion exchange, ion exchange 48, 45 1.9, 2.2 S, S 94 70 72 215 175 

(1) Structure of catalyst and adsorbent and kind of catalyst 
(2) Refer to Table 1 
(3) H: hard acid, S: soft acid, I: intermediate acid 

[0111] 

TABLE 7 

Type of adsorbent (ion-containing Zeolite) HC adsorptivity 

Kind Amount of ion Hardness (%) HC light-off 
Kind of (% based on of Inlet gas temp. performance, 

Type of Zeolite Preparation Al in Electro- acid ° C. T50% ° C. 

Examples (1) ion(s) method Zeolite) negativity (3) 40 200 300 7» = 1.0 7» = 1.3 

51 A Ag”, Pd2+ ion exchange, ion exchange 48, 2 1.9, 2.2 S, S 92 60 51 223 179 
52 A Ag", Ca2+ ion exchange, ion exchange 95, 3 1.9, 1.0 S, H 94 62 50 230 185 
53 A Cu", Mg2+ ion exchange, ion exchange 70, 22 1.9, 1.2 I, H 93 66 65 224 185 
54 A Au”, Cr2+ ion exchange, ion exchange 46, 30 2.4. 1.5 S, H 90 64 49 229 185 
55 A Na’“ Ba2+ ion exchange, ion exchange 78, 20 0.9, 0.9 H, H 67 34 23 236 191 
56 B H’r — (100) 2.1 H 81 44 32 261 206 
57 C H’r — (100) 2.1 H 75 38 26 232 186 
58 D H’r — (100) 2.1 H 79 42 30 249 194 
59 E H’r — (100) 2.1 H 77 40 29 254 211 
60 B Ag’“ ion exchange 60 1.9 S 93 61 50 263 206 
61 C Ag’“ ion exchange 60 1.9 S 87 55 43 231 187 
62 D Ag+ ion exchange 60 1.9 S 91 59 47 249 193 
63 E Ag+ ion exchange 60 1.9 S 89 58 45 254 212 
64 B Ag", Cu2+ ion exchange, ion exchange 48, 43 1.9, 1 9 S, I 97 73 73 254 204 
65 C Ag", Cu2+ ion exchange, ion exchange 48, 43 1.9, 1 9 S, I 91 67 67 226 186 
66 D Ag”, Cu2+ ion exchange, ion exchange 48, 43 1.9, 1 9 S, I 95 71 71 243 194 
67 E A J“, Cu2+ ion exchange, ion exchange 48, 43 1.9, 1.9 S, I 93 69 71 249 210 
68 B Ag", Pd2+ ion exchange, ion exchange 48, 45 1 9, 2.2 S, S 98 73 76 244 191 
69 C Ag", Pd2+ ion exchange, ion exchange 48, 45 1.9, 2.2 S, S 92 67 70 216 175 
70 D Ag”, Pd2+ ion exchange, ion exchange 48, 45 1.9, 2.2 S, S 96 71 74 230 180 
71 E Ag", Pd2+ ion exchange, ion exchange 48, 45 1.9, 2.2 S, S 95 69 73 237 197 
72 B Cu2*, Mg2+ ion exchange, ion exchange 70, 22 1.9, 2.2 S, S 96 70 68 223 202 
73 C Cu2*, Mg2+ ion exchange, ion exchange 70, 22 1.9, 2.2 S, S 90 64 62 225 185 
74 D Cu2+, Mg2+ ion exchange, ion exchange 70, 22 1.9, 2.2 S, S 94 68 66 241 191 
75 E Cu2*, Mg2+ ion exchange, ion exchange 70, 22 1.9, 2.2 S, S 92 67 64 246 207 

(1) Structure of catalyst and adsorbent and kind of catalyst 
(2) Refer to Table 1 
(3) H: hard acid, S: soft acid, I: intermediate acid 

[0112] In Examples 25-55, various adsorbents Were inves 
tigated using, as the catalyst-adsorbent structure and the 
catalyst kind, the type A Which Was used in Example 1 and 
Which showed excellent HC light-off performance. As a 
result, When there Were used adsorbents each made of Zeolite 

containing an ion(s) (including H+type) of an element(s) 
having an electronegativity of 1.40 or more, the HC adsorp 
tivities Were good up to the catalyst light-off temperatures. 
When there Were used adsorbents each made of Zeolite 
containing a soft or intermediate acid ion(s), particularly an 
ion(s) of 1B group element(s), the HC adsorptivities at high 
temperatures Were high. When there Were used adsorbents 

each containing a second ion (e.g. Mg2l or Ca2,) for higher 
heat resistance, the adsorptivities Were even higher. When 
there Were used adsorbents each containing a noble metal 
ion, improvement Was seen also in light-off performance. 

[0113] In Examples 56-75, various adsorbents Were com 
bined With other types B to E (other catalyst-adsorbent 
structures and catalyst kinds). As a result, also in combina 
tion With any of the types B to E, good HC adsorptivity Was 
obtained up to the catalyst light-off temperature. Excellent 
HC adsorptivity Was obtained particularly in the type B in 
Which part of the adsorbent particles Was exposed on the 
catalyst-adsorbent layer. 
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EXAMPLES 76-98 AND COMPARATIVE 
EXAMPLES 4-6 

[0114] Catalyst-adsorbents each using an electrical heater 
(a honeycomb heater) as the monolithic carrier Were pre 
pared according to the following procedure and evaluated. 

[0115] A pure Fe poWder, a pure Cr poWder, a Fe-50 Wt. 
% Al alloy poWder, a Fe-20 Wt. % B poWder and a Fe-75 Wt. 
% Si poWder Were compounded so as to give a composition 
of Fe-20Cr-5Al-1Si-0.05B (Wt. %). Thereto Were added an 
organic binder (methyl cellulose), an antioxidant (oleic acid) 
and Water to prepare a readily formable bullet. The bullet 
Was subjected to extrusion to obtain a honeycomb compris 
ing square cells. The honeycomb Was dried and then ?red at 
1,350° C. in a H2 atmosphere to obtain honeycomb struc 
tures each having an outside diameter of 90 mm, a length of 
40 mm, a rib thickness of 4 mil (102 pm) and a cell density 
of 400 cpi2 (62 cells/cm2). 
[0116] As shoWn in FIG. 2, each honeycomb structure 
Was provided, on the side Wall 10, With tWo electrodes 11. 
As also shoWn in FIG. 2, six slits 12 each having a length 
of 70 mm (the tWo outermost slits each had a length of 50 
mm) Were formed in each honeycomb structure so that they 
Were parallel to the passage axial direction and the number 
of cells betWeen the tWo adjacent slits became 7 (about 10 

Further, the circumferential portion 13 of each slit 12 
Was ?lled With an inorganic adhesive made of heat-resistant 
ZrO2, to form an insulation portion. Thus, honeycomb 
heaters 14 Were produced. 

[0117] On each honeycomb heater Was (Were) formed a 
layer(s) in the same manner as in Examples 1-24 and 
Comparative Examples 1-3, to obtain catalyst-adsorbents of 
Examples 76-98 and Comparative Examples 4-6 shoWn in 
Tables 8-10. 

[0118] Each of the catalyst-adsorbents obtained above Was 
placed just before a commercially available three-Way cata 
lyst [volume 0.6 1; outside diameter=3.66 in. (93 mm); rib 
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thickness=6 mil (152 pm); cell density=400 cpi2 (62 cells/ 
cm2); Pt—Rh loaded on a cordierite carrier], and aged in the 
same manner as in Examples 1-24 and Comparative 
Examples 1-3. The resulting catalyst-adsorbent Was 
mounted in a car With an in-line four-cylinder engine of 
2,000 cc displacement, and subjected to the FTP test. In this 
test, the catalyst-adsorbent Was mounted at a manifold 
position Which Was 350 mm distant from the engine exhaust 
port. Also at a position 1,200 mm distant from the engine 
exhaust port, there Was mounted a 1.3-1 commercially avail 
able three-Way catalyst Which had been aged in the same 
manner as above. The heater (the monolithic carrier of the 
catalyst-adsorbent) Was electri?ed by an electric poWer of 2 
kW for 30 seconds after the engine start. Secondary air Was 
introduced at a position 100 mm before the catalyst-adsor 
bent at a rate of 160 l/min for 100 seconds after the engine 
start to maintain an atmosphere of >\.=1.0-1.3. The results of 
the FTP test are shoWn in Tables 8-10. 

EXAMPLE 99 

[0119] The same catalyst-adsorbent as used in Example 86 
Was aged in the same manner as in Examples 76-98 and 
Comparative Examples 4-6 and then subjected to the FTP 
test. HoWever, no secondary air Was introduced; instead, the 
amount of combustion air Was detected using a mass ?oW 
sensor and the exhaust gas composition Was shifted to a lean 
side for 100 seconds after the engine start. During this 
period, the exhaust gas Was at >\.=1.0-1.05. The results of the 
FTP test are shoWn in Table 11. 

EXAMPLE 100 

[0120] The same catalyst-adsorbent as used in Example 86 
Was aged in the same manner as in Examples 76-98 and 
Comparative Examples 4-6 and then subjected to the FTP 
test. HoWever, neither secondary air introduction nor 
exhaust gas shifting to lean side Was conducted, and an 
ordinary driving operation Was employed. The results of the 
FTP test are shoWn in Table 11. 

TABLE 8 

Noble Total Pd concentration Amount of ion 
Structure of catalyst-absorbent Washcoat metal Pd in Pd catalyst SiO2/— (% based on 

Ex- and loading loading loading particle A1203 Al in FTP Total emission 

amples kind of catalyst and absorbent (g/cc) (g/ft3) (g/ft3) (Wt %) ratio Zeolite CO HC NOX 

76 First layer: H type ZSM-5 0.18 0 150 5.9 120 (100) 0.841 0.072 0.345 
Second layer: Pd-loaded Al2O3.CeO2 0.09 150 

77 First layer: H type ZSM-5 0.09 0 300 5.9 120 (100) 0.562 0.061 0.330 
Second layer: Pd-loaded Al2O3.CeO2 0.18 300 

78 First layer: H type ZSM-5 0.24 0 50 5.9 120 (100) 0.104 0.078 0.376 
Second layer: Pd-loaded Al2O3.CeO2 0.03 50 

79 First layer: Ag ion-exchanged ZSM-5 0.18 0 150 5.9 120 58 0.830 0.062 0.347 
Second layer: Pd-loaded Al2O3.CeO2 0.09 150 

80 First layer: Pd-loaded Al2O3.CeO2 0.09 150 150 5.9 120 58 1.016 0.070 0.362 
(mixture layer) Ag ion-exchanged ZSM-5 0.18 0 

81 First layer: Ag ion-exchanged ZSM-5 0.18 0 150 5.9 120 58 0.801 0.060 0.334 
Second layer: CeO2 0.03 0 
Third layer: Pd-loaded Al2O3.CeO2 0.09 150 

82 First layer: Pd-loaded Al2O3.CeO2 0.03 60 150 5.9 120 58 0.894 0.064 0.352 
(mixture layer) Ag ion-exchanged ZSM-5 0.18 0 
Second layer: Pd-loaded Al2O3.CeO2 0.06 90 

83 First layer: Ag ion-exchanged ZSM-5 0.18 0 150 5.9 120 58 0.948 0.065 0.335 
Second layer: Rh-loaded A1203 0.06 10 
Third layer: Pd-loaded Al2O3.CeO2 0.09 150 
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[0121] 

TABLE 9 

Pd 
concen 

tration 
Noble Total in Pd Amount of ion 

Ex- Structure of catalyst-absorbent Washcoat metal Pd catalyst SiO2/ (% based on 
amp- and loading loading loading particle A1203 Al in FTP Total emission 

les kind of catalyst and absorbent (g/cc) (g/ft3) (g/ft3) (Wt %) ratio Zeolite CO HC NOx 

84 First layer: Ag and Pd ions-exchanged ZSM-5 0.18 49 199 5.9 120 48, 45 0.426 0.045 0.325 
Second layer: Pd-loaded Al2O3.CeO2 0.09 150 (Ag*) (Pd2+) 

85 First layer: Pd-loaded Al2O3.CeO2 0.09 150 199 5.9 120 , 0.625 0.051 0.344 
(mixture layer) Ag and Pd ions-exchanged ZSM-5 0.18 49 (Ag*) (Pd2+) 

86 First layer: Ag and Pd ions-exchanged ZSM-5 0.18 49 199 5.9 120 , 0.418 0.043 0.313 
Second layer: CeO2 0.03 0 (Ag*) (Pd2+) 
Third layer: Pd-loaded Al2O3.CeO2 0.09 150 

87 First layer: Pd-loaded Al2O3.CeO2 0.03 60 199 5.9 120 48, 45 0.523 0.048 0.329 
(mixture layer) Ag and Pd ions-exchanged ZSM-5 0.18 49 (Ag*) (Pd2+) 
Second layer: Pd-loaded Al2O3.CeO2 0.06 90 

88 First layer: Ag and Pd ions-exchanged ZSM-5 0.18 49 199 5.9 120 48, 45 0.583 0.048 0.314 
Second layer: Rh-loaded A1203 0.06 10 (Ag*) (Pd2+) 
Third layer: Pd-loaded Al2O3.CeO2 0.09 150 

89 First layer: Cu and Mg ions-exchanged ZSM-5 0.18 0 150 5.9 120 70, 22 0.612 0.052 0.327 
Second layer: Pd-loaded Al2O3.CeO2 0.09 150 (Cu2+) (Mg2+) 

90 First layer: Pd-loaded Al2O3.CeO2 0.09 150 150 5.9 120 , 0.810 0.059 0.341 
(mixture layer) Cu and Mg ions-exchanged ZSM-5 0.18 0 (Cu2+) (Mg2+) 

91 First layer: Cu and Mg ions-exchanged ZSM-5 0.18 0 150 5.9 120 70, 22 0.598 0.051 0.311 
Second layer: CeO2 0.03 0 (Cu2+) (Mg2+) 
Third layer: Pd-loaded Al2O3.CeO2 0.09 150 

92 First layer: Pd-loaded Al2O3.CeO2 0.03 60 150 5.9 120 70, 22 0.673 0.055 0.336 
(mixture layer) Cu and Mg ions-exchanged ZSM-5 0.18 0 (Cu2+) (Mg2+) 
Second layer: Pd-loaded Al2O3.CeO2 0.06 90 

93 First layer: Cu and Mg ions-exchanged ZSM-5 0.18 0 150 5.9 120 70, 22 0.733 0.056 0.318 
Second layer: Rh-loaded A1203 0.06 6.7 (Cu2*) (Mg2*) 
Third layer: Pd-loaded Al2O3.CeO2 0.09 150 

[0122] 

TABLE 10 

concentration 
Noble Total in Pd Amount of ion 

Structure of catalyst-absorbent Washcoat metal Pd catalyst SiO2/— (% based on 
and loading loading loading particle A1203 Al in FTP Total emission 

kind of catalyst (g/cc) (g/ft3) (g/ft3) (Wt %) ratio Zeolite CO HC NOx 

Examples 

94 First layer: Ag and Cu ions-exchanged ZSM-5 0.18 0 150 5.9 120 48, 43 0.642 0.050 0.330 
Second layer: Pd-loaded Al2O3.CeO2 0.09 150 (Ag*) (Cu2+) 

95 First layer: Pd-loaded Al2O3.CeO2 0.09 150 150 5.9 120 48, 43 0.799 0.055 0.345 
(mixture layer) Ag and Co ions-exchanged ZSM-5 0.18 0 (Ag*) (Cu2+) 

96 First layer: Ag and Cu ions-exchanged ZSM-5 0.18 0 150 5.9 120 48, 43 0.602 0.047 0.317 
Second layer: CeO2 0.03 0 (Ag*) (Cu2+) 
Third layer: Pd-loaded Al2O3.CeO2 0.09 150 

97 First layer: Pd-loaded Al2O3.CeO2 0.03 60 150 5.9 120 48, 43 0.687 0.054 0.340 
(mixture layer) Ag and Cu ions-exchanged ZSM-5 0.18 0 (Ag*) (Cu2+) 
Second layer Pd-loaded Al2O3.CeO2 0.06 90 

98 First layer: Ag and Cu ions-exchanged ZSM-5 0.18 0 150 5.9 120 48, 43 0.753 0.054 0.317 
Second layer: Rh-loaded A1203 0.06 6.7 (Ag+) (Cu2+) 
Third layer: Pd-loaded Al2O3.CeO2 0.09 150 

Comparative Examples 

4 First layer: Pd-loaded Al2O3.CeO2 0.09 150 150 5.9 — — 0.843 0.089 0.346 

5 First layer: Ag and Pd ions-exchanged ZSM-5 0.18 49 49 — 120 48, 45 1.119 0.087 0.391 

(A5) (Pd2*) 
6 First layer: Ag and Pd ions-exchanged ZSM-5 0.18 49 89 1.6 120 48, 45 1.093 0.083 0.388 

Second layer: Pd-loaded Al2O3.CeO2 0.09 40 (Ag*) (Pd2+) 
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[0123] 

TABLE 11 

FTP total emission 

CO HC NOx 

Example 99 0.453 0.046 0.310 
Example 100 0.649 0.055 0.307 

[0124] As is clear from Tables 8-11, the catalyst-adsor 
bents of Examples 76-100 all of the present invention, as 
compared With that of Comparative Example 4 containing 
no adsorbent, that of Comparative Example 5 containing no 
catalyst and that of Comparative Example 6 containing 
catalyst particles each comprising a heat-resistant inorganic 
oxide and less than 2% by Weight, based on the inorganic 
oxide, of Pd loaded thereon, shoWed excellent puri?cation 
abilities to all harmful components of CO, HC and NOx and 
shoWed particularly striking effects in HC puri?cation. Fur 
ther, introduction of secondary air and regulation of amounts 
of combustion air and fuel Were effective for puri?cation of 
CO and HC. 

[0125] As described above, the catalyst-adsorbent of the 
present invention can effectively purify harmful substances 
present in exhaust gases, particularly HC generated in a 
large amount during the cold start of engine. 

What is claimed is: 
1. A catalyst-adsorbent for puri?cation of exhaust gases, 

comprising a monolithic carrier and a catalyst-adsorbent 
layer formed thereon, the catalyst-adsorbent layer compris 
ing a catalyst for reduction of the carbon monoxide, hydro 
carbons and nitrogen oxides emitted from internal combus 
tion engines and an adsorbent for reduction of the 
hydrocarbons emitted during the cold start of said engines, 
the catalyst being composed mainly of catalyst particles 
each comprising a heat-resistant inorganic oxide and at least 
one noble metal selected from Pt, Pd and Rh, loaded thereon, 
the catalyst containing at least catalyst particles each com 
prising a heat-resistant inorganic oxide and 2-30% by 
Weight, based on said oxide, of Pd loaded thereon, the 
adsorbent comprising adsorbent particles composed mainly 
of Zeolite. 

2. A catalyst-adsorbent according to claim 1, Wherein at 
least part of the catalyst particles each comprising a heat 
resistant inorganic oxide and 2-30% by Weight, based on 
said oxide, of Pd loaded thereon is present in the portion of 
the catalyst-adsorbent layer ranging from the surface to the 
midpoint of the thickness. 

3. A catalyst-adsorbent according to claim 1, Wherein at 
least part of the catalyst particles each comprising a heat 
resistant inorganic oxide and 2-30% by Weight, based on 
said oxide, of Pd loaded, thereon is exposed at the surface of 
the catalyst-adsorbent layer. 

4. A catalyst-adsorbent according to claim 1, Wherein the 
catalyst particles each comprising a heat-resistant inorganic 
oxide and 2-30% by Weight, based on said oxide, of Pd 
loaded thereon contain Pd as an only noble metal. 

5. A catalyst-adsorbent according to claim 1, Wherein the 
heat-resistant inorganic oxide comprises active alumina. 

6. A catalyst-adsorbent according to claim 1, Wherein the 
heat-resistant inorganic oxide comprises Zirconia. 
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7. A catalyst-adsorbent according to claim 1, Wherein the 
heat-resistant inorganic oxide comprises active alumina and 
Zirconia. 

8. A catalyst-adsorbent according to claim 1, Wherein a 
rare earth element oxide is added to the heat-resistant 
inorganic oxide. 

9. A catalyst-adsorbent according to claim 1, Wherein a 
compound oxide of rare earth element oxides is added to the 
heat-resistant inorganic oxide. 

10. A catalyst-adsorbent according to claim 1, Wherein a 
compound oxide of a rare earth element oxide and Zirconia 
is added to the heat-resistant inorganic oxide. 

11. A catalyst-adsorbent according to claim 1, Wherein the 
catalyst-adsorbent layer has, on the surface, a Pd surface 
layer containing, as the catalyst particles, only those catalyst 
particles each comprising a heat-resistant inorganic oxide 
and 2-30% by Weight, based on said oxide, of Pd loaded 
thereon as an only noble metal. 

12. Acatalyst-adsorbent according to claim 1, Wherein the 
catalyst contains, as the catalyst particles, only those catalyst 
particles each comprising a heat-resistant inorganic oxide 
and 2-30% by Weight, based on said oxide, of Pd loaded 
thereon as an only noble metal. 

13. Acatalyst-adsorbent according to claim 1, Wherein the 
content of Pd in the catalyst is 10-700 g per ft3 of the 
catalyst-adsorbent (0.35-2472 g per liter). 

14. Acatalyst-adsorbent according to claim 1, Wherein the 
content of Pd in the catalyst is 70-250 g per ft3 of the 
catalyst-adsorbent (2.47-8.83 g per liter). 

15. Acatalyst-adsorbent according to claim 1, Wherein the 
SiO2/Al2O3 molar ratio of the Zeolite is 40 or more. 

16. Acatalyst-adsorbent according to claim 1, Wherein the 
kind of the Zeolite is any of ZSM-5, USY and [3-Zeolite. 

17. Acatalyst-adsorbent according to claim 1, Wherein the 
Zeolite contains an ion of at least one element having an 
electronegativity of 1.40 or more. 

18. Acatalyst-adsorbent according to claim 1, Wherein the 
Zeolite contains an ion of at least one soft acid or an 
intermediate acid having an electronegativity of 1.40 or 
more. 

19. Acatalyst-adsorbent according to claim 1, Wherein the 
Zeolite contains an ion of at least one IB element of periodic 
table, selected from Cu, Ag and Au. 

20. A catalyst-adsorbent according to claim 17, 18 or 19, 
Wherein the ion(s) has (have) square planar coordination to 
the oxygen in Zeolite framework. 

21. A catalyst-adsorbent according to claim 17, 18 or 19, 
Wherein the ion content in Zeolite is 20% by Weight or more 
based on the Al atoms in Zeolite. 

22. A catalyst-adsorbent according to claim 17, 18 or 19, 
Wherein the Zeolite further contains at least one ion selected 
from the ions of Mg, Ca, Sr, Ba, Y, La, Ti, Ce, Mn, Fe, Cr, 
Ni and Zn. 

23. Acatalyst-adsorbent according to claim 1, Wherein the 
Zeolite contains at least one noble metal. 

24. A catalyst-adsorbent according to claim 23, Wherein 
the content of noble metal in Zeolite is 5-200 g per ft3 of the 
catalyst-adsorbent (0.18-7.07 g per liter). 

25. A catalyst-adsorbent according to claim 23, Wherein 
the content of noble metal in Zeolite is 5-60 g per ft3 of the 
catalyst-adsorbent (018-212 g per liter). 

26. Acatalyst-adsorbent according to claim 1, Wherein the 
thickness of the catalyst-adsorbent layer is 20-150 pm. 
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27. Acatalyst-adsorbent according to claim 1, wherein the 
concentration of Rh is 02-25% by Weight based on the 
heat-resistant inorganic oxide. 

28. Acatalyst-adsorbent according to claim 1, Wherein the 
concentration of Pt is 02-25% by Weight based on the 
heat-resistant inorganic oxide. 

29. Acatalyst-adsorbent according to claim 1, Wherein the 
monolithic carrier is made of a heat-resistant inorganic 
substance and has a honeycomb structure. 

30. Acatalyst-adsorbent according to claim 1, Wherein the 
monolithic carrier has a honeycomb structure, is provided 
With electrodes, and can generate heat When electri?ed. 

31. A catalyst-adsorbent according to claim 30, Wherein 
the monolithic carrier having a honeycomb structure has a 
resistance-adjusting means betWeen the electrodes. 

32. A method for puri?cation of exhaust gases, Which 
comprises providing a catalyst-adsorbent in an exhaust gas 
system of internal combustion engine and conducting 
exhaust gas puri?cation While introducing secondary air into 
the exhaust gas system at a site upstream of the catalyst 
adsorbent for a certain length of time during the cold start of 
the engine, in Which the catalyst-adsorbent comprises a 
monolithic carrier and a catalyst-adsorbent layer formed 
thereon, the catalyst-adsorbent layer comprising a catalyst 
for reduction of the carbon monoxide, hydrocarbons and 
nitrogen oxides emitted from internal combustion engines 
and an adsorbent for reduction of the hydrocarbons emitted 
during the cold start of said engines, the catalyst being 
composed mainly of catalyst particles each comprising a 
heat-resistant inorganic oxide and at least one noble metal 
selected from Pt, Pd and Rh, loaded thereon, the catalyst 
containing at least catalyst particles each comprising a 
heat-resistant inorganic oxide and 2-30% by Weight, based 
on said oxide, of Pd loaded thereon, the adsorbent compris 
ing adsorbent particles composed mainly of Zeolite. 

33. A method according to claim 32, Wherein secondary 
air is introduced into the exhaust gas system for a certain 
length of time during the cold start of the engine to shift the 
composition of the exhaust gas to a lean side. 
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34. A method for puri?cation of exhaust gases, Which 
comprises providing a catalyst-adsorbent in an exhaust gas 
system of internal combustion engine and conducting 
exhaust gas puri?cation While regulating amounts of com 
bustion air and fuel for a certain length of time during the 
cold start of the engine to shift the composition of the 
exhaust gas to a lean side, in Which method the catalyst 
adsorbent comprises a monolithic carrier and a catalyst 
adsorbent layer formed thereon, the catalyst-adsorbent layer 
comprising a catalyst for reduction of the carbon monoxide, 
hydrocarbons and nitrogen oxides emitted from internal 
combustion engines and an adsorbent for reduction of the 
hydrocarbons emitted during the cold start of said engines, 
the catalyst being composed mainly of catalyst particles 
each comprising a heat-resistant inorganic oxide and at least 
one noble metal selected from Pt, Pd and Rh, loaded thereon, 
the catalyst containing at least catalyst particles each com 
prising a heat-resistant inorganic oxide and 2-30% by 
Weight, based on said oxide, of Pd loaded thereon, the 
adsorbent comprising adsorbent particles composed mainly 
of Zeolite. 

35. A method according to claim 32 or 34, Wherein the 
monolithic carrier is made of a heat-resistant inorganic 
substance and has a honeycomb structure. 

36. A method according to claim 32, Wherein the mono 
lithic carrier has a honeycomb structure, is provided With 
electrodes, and can generate heat by electri?cation With the 
introduction of secondary air. 

37. A method according to claim 34, Wherein the mono 
lithic carrier has a honeycomb structure, is provided With 
electrodes, and can generate heat by electri?cation With the 
regulation of amounts of combustion air and fuel. 

38. A method according to claim 36 or 37, Wherein the 
monolithic carrier having a honeycomb structure has a 
resistance-adjusting means betWeen the electrodes. 


